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Recombination time in ejecta long,

non-thermal excitation, ....
non-spherical

Similar to freeze-out phase for radioactive excitation and to Type IIb/IIn
CS interaction (cf SN 1993J)

3. Cosmic ray excitation?
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Expansion Velocity
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Average velocity over the ring ~ 120 km s
UVES gives high and low velocity tails
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Cooling, photoionized gas behind radiative shock into
ring protrusions
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Two components:

High density (10* cm3) kT ~ 0.5 keV +
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Normalized flux

Normalized flux

Coronal lines and soft X-rays correlate. Soft X-rays from
hot-spots. Hard from reverse shock & blast wave
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Highest vel. shocks may have been adiabatic in 2002
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Line widths of low ionization ions increase with time
2000: ~ 250 km st ->2006: ~ 450 km s .
Coronal lines ~ constant ~ 450 km s!




High velocity shocks seen in soft X-rays gradually become
radiative

Now, Ha up to ~ 450 km st [

n, up fo ~ 4x10* cm=3 ~ ring density  (Lundqvist & CF 96)

Expect this to continue to higher shock velocities
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We are now starting to
see the re-ionization of the
ring!



L O O Chaae

UV/optical/IR from radiative shocks

Strong correlation between increase in optical and soft X-rays

Coronal lines complement soft X-rays as shock diagnostics
Higher velocity shocks gradually cooling. Now up to ~ 450 km s

Unshocked CSM is now becoming ionized.
Bright futurel



